Otffshore Windmills -
Autonomous Aerial Inspections
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Problems
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Manual inspection

Windturbine inspectiondone manuallyis expensive, high
riskandtime consumingandcannotdetectinternal
structuraldefectsfast & effectively.

Visual inspection
Alternativedronevisualinspectioncanonly detecta
limited numberof externaldefects.However someof the
structuraldefectsare not visuallydetectable externally.

Internal defects

3800bladesfail ayeardueto internaldefectscausing
longerdowntimesandhighreplacementcosts.

Percent of turbines with unexpected damage
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$1.5Bto repair $2.1Bto repair $11B toreplaceblades
$70M lost revenueper day
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Defects we are looking Into
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Source: Progress and trends in ndestructive testing and evaluation for wind turbine composite blade
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Solution

SpectXis one completeintegratedsystemdesignedo detectall internal structural
defectsof assetinfrastructurethroughdigital radiography& completelyautomatethe
iInspectionprocessoy providinga dockingsystem.
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Aerial positioning Alignment & Radiography
& synchronization motion compensation control

Image enhancement
& processing




SpectX asset management portal

A Cloud servicdor asset owners or operators

A Hfective predictive maintenance

1. Blade view (damag®verity analysis)

2. Turbine view
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Dashboard

Farm

Wind Turbine

Turbine Blade

Report

Settings

Select defected areas to review the inspection results and analytics

Wind Turbine Blade

#WTGB 413

Radiographic data for selected regions

#K1598

Defect Info:

Serial No
Damage

Size

Severity level
Possible cause
Location
Latest repair

Latest inspection

Serial No
Damage

Size

Severity level
Possible cause
Location
Latest repair

Latest inspection
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K1368

Diagonal crack & Air void

12cm X 20 cm x 7 mm
2cmX2cmx3.5cm
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Manufacturing defect

X =46.2m Y=43m Z=1.2m
21 September 2019

2 December 2022

K1598

Major internal crack
7cm X3 cmx9 mm
5

Delamination & operational
load

X=53.7m Y=3.9m Z=0.8m
21 September 2019

2 December 2022

-, Select a turbine asset to review its inspection records
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Dashboard

Wind Turbine

Farm #|L1256 #L1256 N

Wind Turbine

Turbine Blade C
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Settings

Defect level
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Medium or intermittent
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Real Time Condition
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Serial No: 413
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Serial No: 412
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3. Windfarm view

Select wind farm and wind turbine to review its spec
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WTG Info:

Serial No:
Rating

Diameter

Height

Selectthe view: | E21 front view

#IYH34

#1746

#ILEDS6

#IR1766

L1926

#IL1256

10 MW

193m

125m

Select wind farm
Borssele - North sea Zeeland)

Borssele - North sea
Hollandse Kust (Wes

Eneco Luchterduinen - North sea (Noordwijk)
East Anglia One - United Kingdom

Kriegers Flak - Denmark
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Model 5G 10.0-193 DD

Manufacturer ~ Siemens

Latitude 51°42'252"N

Longitude 2°54'446"E

Luchterduinen offshore wind farm

Inspection Reports
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SPECTH TU/e Auul.ur

Dual-drone aerial radiography system
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SPECTx TU/e Auul.ur

Technical Challenges

Automatic defect detection

Heavy payload
A 6 kg Xray source

A Stabilization mechanism
A Flight time

Motion blur
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Gimbal alignment




SPECTH TU/e Auul.ur

Realization
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SPECTH TU/e Auul.ur

Proof of concept
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spzcm TU/e Auul.ur

Proof of concept

First XRay images collected-thght

= 5th November
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CTX TU/e Auul.ur
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Proof of concept
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SPECTH TU/e Auul.ur

Proof of concept

Test 2: Static detectoiHight with source
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SPECTH TU/e Auul.ur

Static XRay image
Proof of concept of wind turbine blade

X-Ray images of wind turbine blad
taken with one drone
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SPECTx TU/e Auul.ur

Gimbal alignment tests
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